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Light olefins, such as ethylene and propylene, are mainly obtained from fluid catalytic 
cracking [1-3] and from steam cracking of hydrocarbons, preferentially LPG and 
naphtha.[4, 5] However, in the last years, since methanol can be efficiently obtained 
from different non-petroleum based feedstocks, such as coal or natural gas, the 
production of these light olefins from methanol through the so-called methanol-to-
olefins (MTO) process, has been notoriously increased.[6-8]  
One of the commercial catalysts for the MTO reaction is the SAPO-34, which is the 
silicoaluminophosphate form of the CHA material.[9, 10] The excellent catalytic 
behavior of the SAPO-34 for the MTO process could be mainly explained by its 
crystalline structure, combining the presence of large cavities and small pores.[8, 11] 
Indeed, the large cavities allow the formation of the required large “hydrocarbon pool” 
intermediates to produce the light olefins,[12, 13] and the small pores favor the 
diffusion of the desired linear light olefins versus aromatic or branched molecules.  
However, the formation of these large organic species within the large cavities 
(“hydrocarbon pool”) combined with severe mass transfer restrictions, may result in a 
fast deactivation of the MTO catalyst by coke formation and low catalyst 
utilization.[14] Thus, to achieve mass transfer rate enhancement will be a key objective 
when designing new small pore zeolite-based MTO catalysts to increase catalytic 
activity and catalyst lifetime.[15, 16] In this sense, the generation of intra-crystalline 
mesoporosity,[17-23] or the reduction of the crystal size to the nanometer scale,[24-
26] has allowed increasing the catalytic properties of the SAPO-34. 
Besides SAPO-34, the silicoaluminate form of CHA, SSZ-13, has also been described as a 
very efficient catalyst for the MTO reaction.[27-30] This was especially so when some 
mesoporosity was generated in the zeolite crystals, or the zeolite was synthesized in 
the form of very small crystal sizes.[31, 32] It is worth noting that, in general, the 
hydrothermal stability and Brönsted acidity of silicoaluminate materials are much 
higher than those of their silicoaluminophosphate counterparts, especially at low and 
moderate temperatures.[33, 34] Therefore, the design of silicoaluminate materials 
with the adequate physico-chemical properties for the MTO reaction is a matter of 
interest to prepare new commercial catalysts for the MTO process.     
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When considering other potential zeolites as catalysts for MTO, SSZ-39 is a 
silicoaluminate material with the AEI structure that, as chabazite, shows the presence 
of large cavities within its crystalline framework interconnected through small pore 
openings.[35, 36] Despite the structural similarities between CHA and AEI frameworks, 
there are very few reports using SSZ-39 zeolite as catalyst for the MTO reaction.[37] 
Perhaps the small range for synthesis conditions to crystallize SSZ-39 materials could 
explain the small number of reports on this zeolite as MTO catalysts.[35, 38, 39] 
Indeed, with the former synthesis procedure, SSZ-39 material can only be synthesized 
under very restricted Si/Al ratios (~8), very low solid yields (below 50%), and relative 
large crystal sizes (0.5-1 µm).[35, 38, 39]  
Nevertheless, the synthesis of the SSZ-39 has been remarkably improved in the last 
years following zeolite-to-zeolite transformations, using high-silica FAU zeolites as 
silicon and aluminum precursor, and tetraethylphosphonium (TEP) [40, 41] or N,N-
dimethyl-3,5-dimethylpiperidinium (DMP) [42] as organic structure directing agents 
(OSDAs). These novel synthesis methodologies allow improving the solid yields up to 
90%, and the Si/Al ratios of the synthesized materials up to 16,[41] [42] but the 
reported crystal sizes are similar to the ones described for the original SSZ-39 material 
(0.5-1 µm).[40, 41] However, the preparation of the SSZ-39 material in nanosized form 
would be of much interest for the application of this zeolite for the MTO process.  
Taking as objective to decrease the crystal size of the SSZ-39 material, it would be 
required to accelerate the nucleation step during its hydrothermal synthesis. Taking 
this into account, we have made the hypothesis that the use of FAU zeolite as zeolitic 
precursor under the adequate synthesis conditions, could increase the rate of 
formation of the SSZ-39-precursor nuclei, since both zeolitic materials present 
common small structural building units within their structures, as the double-six 
member rings (D6Rs). Therefore, if faster nucleation rates are achieved during the 
synthesis of the SSZ-39 material, samples with smaller crystallite size could be 
obtained.   
Herein, we present the preparation of the SSZ-39 zeolite with nanosized crystals of 40-
50 nm, which have been synthesized following a zeolite-to-zeolite transformation 
procedure, using high-silica FAU as silicon and aluminum source and TEP as OSDA. This 
nanosized SSZ-39 material shows excellent catalytic properties for the MTO reaction, 
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including a remarkable longer lifetime than standard SSZ-13 and SSZ-39 materials. The 
nanosized SSZ-39 crystals allow improving the diffusion rate of the reactants and 
products involved in the MTO reaction, and notoriously decrease the negative effect of 
coke deposition within the zeolitic cavities.    
2.- Experimental Section 
2.1.- Zeolite syntheses 
2.1.1- Synthesis of standard SSZ-13 
N,N,N-trimethyl-1-adamantamonium (TMAda): 29.6 g of 1-Adamantamine (Sigma-
Aldrich) and 64 g of potassium carbonate (Sigma-Aldrich) were mixed with 320 ml of 
chloroform. At this point, 75 g of methyl iodide was added dropwise while the reaction 
was stirred in an ice bath. The reaction was maintained during 5 days under agitation 
at room temperature. The mixture was filtered and washed with diethyl ether, and the 
resultant solid further extracted with chloroform. The final product was N,N,N-
trimethyl-1-adamantammonium iodide. This iodide salt was anion exchanged using an 
ion exchange resin achieving the hydroxide form. 
SSZ-13 zeolite: Conventional SSZ-13 was synthesized with the following gel 
composition: 0.1 Na2O : 1 SiO2 : 0.025 Al2O3 : 0.2 TMAdaOH : 44 H2O. TMAdaOH was 
firstly mixed with NaOH and deionized water at room temperature until it was 
completely dissolved. Then, SiO2 (Aerosil) was added to the TMAdaOH solution. Finally, 
Al2O3 was dissolved into the solution mentioned above, and the resulting gel was 
stirred at room temperature for 1 hour to obtain a homogeneous gel. The gel was 
transferred into a Teflon-lined steel autoclave and kept statically in an oven at 160°C 
for 6 days. The product was separated by filtration, washed with deionized water and 
dried at 100°C. The catalyst was calcined in air at 580°C to remove the template. H-
SSZ-13 was obtained by ion exchange of calcined sample with 2.5 M NH4Cl solution 
(80°C and liquid to solid ratio of 10) for 2 hours. Finally, the NH4-exchanged material 
was calcined at 500 °C for three hours in air. 
2.1.2- Synthesis of N-SSZ-39 
N,N-dimethyl-3,5-dimethylpiperidinium (DMP): 10 g of 3,5-dimethylpiperidine (C7H15, 
Acros Organics, 96%, cis-trans mixture) was mixed with 140 ml of methanol (CH3OH, 
Scharlab, 99.9%) and 19.51 g of potassium carbonate (KHCO3, Sigma Aldrich, 99.7%). 
54 g of methyl iodide (CH3I, Sigma Aldrich, 99.9%) was added dropwise, and the 
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resultant mixture maintained under stirring for 7 days. After this time, MeOH was 
partially removed under vacuum, and the iodide salt was precipitated by addition of 
diethyl ether. For its use in the synthesis of zeolites, the final product was ion 
exchanged to the hydroxide form using a commercially available hydroxide ion 
exchange resin (Dowex SBR).  
N-SSZ-39 zeolite: First, the aqueous solution of N,N-dimethyl-3,5-dimethylpiperidinium 
(DMP) hydroxide was mixed with a 20%wt aqueous solution of sodium hydroxide 
(NaOH granulated, Scharlab). Then, the crystals of USY zeolite (CBV-720 with 
SiO2/Al2O3=21) were introduced in the above solution, and the resultant mixture was 
stirred until complete homogenization. The chemical composition of the synthesis gel 
was SiO2 : 0.045 Al2O3 : 0.2 NaOH : 0.2 DMP : 15 H2O. The gel was transferred into a 
stainless steel autoclave with a Teflon liner. The crystallization was then conducted at 
135°C for 7 days under static conditions. The solid product was filtered, washed with 
water and dried at 100ªC. The sample was calcined in air at 550°C for 4h. The acid form 
of the N-SSZ-39 material was obtained by ion exchange of the calcined sample with 2.5 
M NH4Cl solution (80°C and liquid to solid ratio of 10) for 2 hours. Finally, the NH4-
exchanged sample was calcined at 500 °C for three hours in air. 
2.1.3- Synthesis of P-SSZ-39 
First, the aqueous solution of tetraethylphosphonium (TEP) hydroxide was mixed with 
a 20%wt aqueous solution of sodium hydroxide (NaOH granulated, Scharlab). Then, 
the crystals of USY zeolite (CBV-720 with SiO2/Al2O3=21) were introduced in the above 
solution, and the resultant mixture was stirred until complete homogenization. The 
chemical composition of the synthesis gel was SiO2 : 0.045 Al2O3 : 0.1 NaOH : 0.2 TEP : 
5 H2O. The crystallization was conducted at 150°C for 9 days under static conditions. 
The solid product was filtered, washed with water and dried at 100ºC. The sample was 
calcined under a hydrogen atmosphere at 800°C for 4h to assure the complete 
decomposition of the phosphorous-containing species, followed by another calcination 
in air at 550ºC for 2 hours. The acid form of the P-SSZ-39 material was obtained by ion 
exchange of the calcined sample with 2.5 M NH4Cl solution (80°C and liquid to solid 
ratio of 10) for 2 hours. Finally, the NH4-exchanged sample was calcined at 500 °C for 




The crystallinity of the samples was followed by powder X-ray diffraction (PXRD) with a 
Panalytical CUBIX diffract meter with monochromatic CuKα1,2 radiation (λ=1.5406, 
1.5444 Å; Kα2 / Kα1 intensity ratio=0.5). The morphology and particle size of the 
zeolite were characterized by Scanning Electron Microscope (SEM, JEOL JSM-6300). 
The MAS NMR spectra were recorded with a Bruker AV400 spectrometer. Solid state 
27Al MAS NMR spectra were recorded at 104.218 MHz with a spinning rate of 10 kHz at 
a 90º pulse length of 0.5 µs with 1 s repetition time. Solid-state 31P NMR spectra were 
recorded at 161.9 MHz with a spinning rate of 10 kHz, a π/2 pulse of 5 μs with 20 s 
repetition time. 27Al and 31P chemical shifts were referred to Al(H2O)6 and H3PO4, 
respectively. Chemical composition was determined by inductively coupled plasma 
atomic absorption spectroscopy (ICP-OES) using a Varian 715-ES. The BET surface area, 
micropore volume and pore volume distribution were measured by N2 adsorption in a 
Micromeritics ASAP2000. NH3-TPD experiments were carried out in a Micromeritics 
2900 apparatus. A calcined sample (100 mg) was activated by heating to 400°C for 2 h 
in an oxygen flow and for 2 h in argon flow. Subsequently, the samples were cooled 
down to 176°C, and NH3 was adsorbed. The NH3 desorption was monitored with a 
quadrupole mass spectrometer (Balzers, Thermo Star GSD 300T) while the 
temperature of the sample was ramped at 10°C min-1 in helium flow. Total ammonia 
adsorption was measured by repeated injection of calibrated amounts of ammonia at 
176°C until saturation. Ammonia desorption was recorded by means of the mass 15, 
since this mass is less affected by the desorbed water.  
2.3.- Catalytic experiments 
The catalyst was pelletized, crushed and sieved into 0.2-0.4 mm particle size. 50 mg of 
sample was mixed with 2 g quartz (Fluka) before being introduced into the fixed-bed 
reactor (7mm diameter). N2 (30mL/min) was bubbled in methanol hold at -17°C, giving 
a WHSV=0.8 h-1. The catalyst was first activated with a nitrogen flow of 80 ml/min for 1 
h at 540°C, and then the temperature was decreased to reaction conditions (350°C). 
Each experiment was analyzed every 5 minutes with an online gas chromatograph 
(Bruker 450GC, with PONA and Al2O3-Plot capillary columns, and two FID detectors). 
After reaction, the catalyst was regenerated at 540°C in 80ml of air for 3h and the 
reaction was repeated again. Preliminary experiments were carried out at constant 
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WHSV, different amount of catalyst and increasing flow rates, and later with catalyst 
with in different particle sizes, to check that, at the selected reaction conditions the 
process is not controlled by either external or intraparticle diffusion. Conversion and 
selectivities were considered in carbon basis and methanol and dimethylether were 
lumped together for calculation of conversion. 
3.- Results and discussion 
3.1.- Zeolite synthesis and characterization 
To synthesize the SSZ-39 material with small crystal sizes, a high-silica FAU zeolite as 
silicon/aluminum source and two different organic molecules, DMP and TEP, as OSDAs 
have been studied under different synthesis conditions. In this sense, the presence and 
concentration of alkali cations in the synthesis media, and the dilution of the gel, are 
two well-known variables that can influence the size of the zeolitic crystals during the 
hydrothermal synthesis.[43, 44] Thus, the following molar ratios of NaOH/Si and 
H2O/Si, [0.05, 0.1, 0.2] and [5, 15], respectively, have been studied for each OSDA. The 
remaining synthesis conditions were Si/Al=11 and OSDA/Si=0.2, and the crystallization 
of the resultant gels were carried out at 135ºC (DMP) or 150ºC (TEP) for 9 days under 
static conditions. 
The results for each OSDA are summarized in Figure 1. As can be seen there, different 
SSZ-39 materials can be obtained using the two proposed OSDAs, requiring slightly 
different synthesis conditions depending on the OSDA (see N-SSZ-39 and P-SSZ-39 in 
Figure 1). Under the studied conditions, higher NaOH/Si ratios are required to achieve 
pure crystalline SSZ-39 materials using the ammonium-based OSDA (NaOH/Si~0.2, see 
N-SSZ-39 in Figure 1) than using the phosphonium-based OSDA (NaOH/Si~0.1, see P-
SSZ-39 in Figure 1). It is worth noting that the previously reported SSZ-39 synthesis 
using TEP as OSDA described by Sano et al. also required a NaOH/Si molar ratio of 
0.1.[40, 41]  
The PXRD patterns of the N-SSZ-39 and P-SSZ-39 samples reveal the crystallization of 
the pure AEI structure (see Figure 2), but the different width and overlapping of the 
diffraction peaks suggest the presence of different crystal sizes for these two samples 
of SSZ-39. Indeed, different crystal sizes were measured by scanning electron 
microscopy (SEM, see Figure 3). The N-SSZ-39 sample shows homogeneous crystal 
sizes of 0.2-0.4 µm (see N-SSZ-39 in Figure 3), while the P-SSZ-39 sample contains 
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much smaller crystal sizes within the nanoscale range (~40-50 nm, see P-SSZ-39 in 
Figure 3).      
Although the preferential directing effect of the phosphonium-based OSDA to form 
nanosized SSZ-39 crystals is not fully understood, the stronger interactions of the 
phosphonium species in the synthesis media with the inorganic species may result in 
an increase in the ratios of the nucleation/crystallization rates.[44] Additional synthesis 
and characterization studies are currently being performed to test this hypothesis.   
The as-prepared N-SSZ-39 and P-SSZ-39 materials have been calcined in air at 550ºC to 
remove the organic species occluded within the crystalline structures. It is important to 
note that the P-SSZ-39 material has been first treated under hydrogen atmosphere at 
800°C for 4h to favor the decomposition/elimination of most of the phosphorous-
containing species. 31P MAS NMR spectrum of the as-prepared P-SSZ-39 material 
shows the presence of a single band centered at ~40 ppm (see P-SSZ-39_a.p. in Figure 
4), which is characteristic for phosphonium species, indicating that the entrapped TEP 
molecules are intact within the AEI structure. Moreover, chemical analysis reveals a 
P/TO2 molar ratio of ~0.085, which corresponds to ~1 TEP molecule per 
cavity.(comprobar) After the thermal treatment with H2, almost 80-85% of the initial 
phosphorous has been removed, and the small amount of residual phosphorous 
species remain as extra-framework phosphate species (see the 31P MAS NMR spectrum 
for the P-SSZ-39_calc  material in Figure 4).  Finally, the samples have been ammonium 
exchanged to remove the extra-framework sodium cations, followed by calcination 
with air at 500ºC to generate the acid-form of the SSZ-39 zeolites.  
These calcined materials have been characterized by N2 adsorption to study their 
textural properties. Both materials show similar BET surface area (~520 m2/g, see Table 
1) but, as expected by its lower crystal size, the P-SSZ-39 material presents higher 
external surface area and lower micropore volume (42 m2/g and 0.23 cm3/g, 
respectively) than N-SSZ-39 material (15 m2/g and 0.25 cm3/g, respectively, see Table 
1). 
Chemical analyses of the ammonium-exchanged and calcined SSZ-39 materials, 
indicate similar Si/Al ratios (~8.5, see Table 1) and the absence of sodium cations in 
both final solids. The coordination of aluminum atoms within the acid SSZ-39 materials 
has been studied by solid 27Al MAS NMR spectroscopy. Both acid SSZ-39 materials 
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show similar 27Al MAS NMR spectra, presenting a main band centered at ~ 55 ppm, a 
broad shoulder between 45-20 ppm, and finally, a small band centered at ~ -10-0 ppm, 
which have been assigned to tetrahedrally coordinated Al in framework positions, 
distorted tetrahedrally coordinated Al species in framework positions, and 
octahedrally coordinated extra-framework aluminum species,[REF] respectively (see N-
SSZ-39_Exc and P-SSZ-39_Exc in Figure 5).  
The Brönsted acidity of these samples has been measured by means of temperature-
programmed desorption (TPD) of ammonia. The acid SSZ-39 materials show similar 
NH3 desorption curves, both presenting a maximum desorption band centered 
between 420-450ºC (see N-SSZ-39 and P-SSZ-39 in Figure 6). The quantification of the 
desorbed ammonia molecules reveals that both SSZ-39 materials show analogous 
Brönsted acidities (~0.5 mmol NH3/g, see Table 2). 
For comparison purposes, a standard SSZ-13 zeolite has also been prepared under 
conventional synthesis conditions using Ν,Ν,Ν-trimethyladamantammonium (TMAda) 
cation as OSDA (see synthesis conditions in the experimental section).[45] The PXRD 
pattern of this material confirms the crystallization of the pure CHA structure (see SSZ-
13 in Figure 2), and SEM microscopy indicates that the crystal sizes obtained for the 
conventional SSZ-13 material (~ 1x0.2 µm, see Figure 3) are larger than those achieved 
for the SSZ-39 materials (see Figure 3). The textural properties of the SSZ-13 material 
have been measured by N2 adsorption, obtaining a BET surface area and a micropore 
volume of 520 m2/g and 0.25 cm3/g, respectively, which are analogous to the values 
achieved for the acid N-SSZ-39 material (see Table 1). Finally, the acidity of the SSZ-13 
material has been measured by NH3-TPD. The amount of ammonia desorbed in the 
SSZ-13 material is lower (~0.35 mmol NH3/g, see Table 2) than the amount desorbed in 
the SSZ-39 materials (~0.50 mmol NH3/g, see Table 2). The lowest acidity measured for 
the SSZ-13 material could be mainly attributed to its higher Si/Al ratio (~15) compared 
to SSZ-39 materials (Si/Al ~ 8.5), but the presence of larger diffusion paths within the 
larger crystal sizes of the SSZ-13 material may also influence the amount of desorbed 
ammonia.  
 
3.2.- Catalytic activity 
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The catalytic activity of the SSZ-13 and SSZ-39 materials has been evaluated for the 
methanol to olefins (MTO) reaction at WHSV=0.8 h-1 and 350ºC (see reaction 
conditions in the experimental section). The initial methanol conversion for the three 
samples is complete (100%) but, as can be seen in Figure 7, these materials suffer 
different catalyst deactivation profiles with time-on-stream (TOS). The conventional 
SSZ-13 material shows the fastest catalyst deactivation with methanol conversion 
dropping below 50% after 310 min of TOS. In contrast, both SSZ-39 materials, i.e. N-
SSZ-39 and P-SSZ-39, show higher catalyst lifetime than the conventional SSZ-13 
catalyst, with methanol conversion dropping below 50% after 540 and 940 minutes on 
stream for N-SSZ-39 and P-SSZ-39, respectively (see Figure 7).  
These different deactivation profiles reveal that the physico-chemical properties of 
each catalyst are clearly influencing their catalytic behaviour. Indeed, it has been 
broadly described in the literature that small pore zeolite-based MTO catalysts with 
excessive Brönsted acidity or mass transfer restrictions within the crystals, suffer from 
severe catalytic deactivation by coke formation.[6-8] Thus, since the Brönsted acidity 
measured for the SSZ-13 material is lower than the Brönsted acidity observed for the 
SSZ-39 materials (see ammonia desorption values in Table 2), the faster SSZ-13 catalyst 
deactivation must be mainly attributed to its larger crystal sizes compared to SSZ-39 
materials (see Table 1). In a similar way, the small crystal sizes of the nanosized P-SSZ-
39 material would mainly explain its remarkable catalyst lifetime increase compared to 
N-SSZ-39, since the Brönsted acidities of these two materials are analogous (see Tables 
1 and 2). The different selectivities to products have been compared at constant 
conversion of methanol (see Figure 8). This representation could allow detecting 
particular diffusion restrictions during the catalyst deactivation. However, these three 
materials show a linear dependence between the different product yields with 
methanol conversion values (see Figure 8), indicating that the yields to the different 
products are not controlled by diffusion during deactivation. In other words, the 
deactivation of these SSZ-13 and SSZ-39 materials is “non-selective”, and the 
selectivity to the different products is independent of the coke content. Similar “non-
selective” deactivation profiles have been previously reported for ZSM-5,[46] SSZ-
13,[47] SAPO-34,[26, 33] and SAPO-18.[48] Moreover, comparing selectivities at 
constant conversion allows discriminating the influence of thermodynamical 
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equilibrium of olefins, at 100% conversion of methanol+DME, from the true selectivity 
of the hydrocarbon pool at lower conversions.[26] 
Regarding the product selectivities at different methanol conversion values, it can be 
clearly seen that the SSZ-13 and SSZ-39 materials show different product distributions 
(see Figure 9). In general, it can be observed that the two SSZ-39 samples provide 
much higher selectivity to propylene and lower to ethylene than the conventional SSZ-
13 material (see Figure 9). Indeed, the C2/C3 ratio with TOS is much higher for the SSZ-
13 material than for the two SSZ-39 materials (see Figure 10). Similar trends for the 
C2/C3 ratios have also been observed for the AEI and CHA structures in their SAPO 
forms.[49,50] This different product selectivity could be attributed to the different 
shape of the zeolitic cages present in both materials, being the AEI cage basket-shaped 
and wider at the bottom than the CHA cage, which is more symmetric.[37, 49] Thus, 
the larger size of the AEI cage would allow the formation of aromatic cycles within the 
“hydrocarbon pool” transient-state with the adequate size to increase the propylene 
selectivity.[30] In fact, other small pore zeolites, as RUB-13 (RTH), presenting larger 
cages than those of AEI and CHA, have also shown high selectivity to propylene.[51]  
However, other parameters in addition to the cage dimensions may be taken into 
consideration to explain the product selectivity observed for the MTO reaction when 
using small pore zeolites. In this sense, two hydrocarbon-pool cycles, olefinic and 
aromatic, influence the product selectivity of the MTO reaction when ZSM-5 is used as 
catalyst.[54-56] The decrease of the acidity within the ZSM-5 zeolite allows mostly 
suppressing the aromatic cycle, characterized by a high yield of ethylene, leading to 
high selectivities to propylene due to the low intrinsic rate constants for obtaining 
ethylene by methylation-cracking at moderate temperatures as those of MTO. 
Recently, it has been described for SAPO-18 (AEI) materials that the aromatic-based 
cycle presents higher energy barriers, explaining the prevalence of the olefin cycle, and 
therefore, a higher selectivity to propylene.[59, 60] 
The values of hydrogen transfer index (HTI, C3/C3=) for the different materials are 
summarized in Figure 11. If the HTI values are compared at constant methanol 
conversion, it can be seen (Figure 11-bottom) that, as occurs for the selectivities to 
products, two zones are well differentiated. Initially, at 100% methanol conversion, the 
“initial” hydrogen transfer values are higher due to the formation of the hydrocarbon 
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pool aromatic species. In fact, the formation of hexamethylbenzene cations implies 
cyclization and hydrogen transfer to an olefin precursor that desorbs as paraffin 
(propane). Once the hydrocarbon pool is formed within all the cages, subsequent 
cyclization on the previously formed monoaromatic species causes their growth and 
progressive deactivation. These “secondary” hydrogen transfer reactions are lower 
and appear in a second zone, in which methanol conversion is below 100%. In this 
sense, the higher “initial” HTI values observed for the SSZ-39 samples could be 
explained by their higher acidity (see Table 2), while the higher “secondary” HTI values 
observed for the SSZ-13, which agrees with the faster catalytic deactivation observed 
in the methanol reaction, could be mainly attributed to its larger crystal sizes (see 
Figure 7). Regarding SSZ-39 materials, the nanosized P-SSZ-39 shows the lowest HTI 
values (see Figure 11-bottom), as it could expected by its smaller crystal sizes. 
 
4.- Conclusions 
The synthesis of the nanosized SSZ-39 material has been achieved following a zeolite-
to-zeolite transformation methodology, using a high silica FAU zeolite as Si and Al 
source and tetraethylphosphonium (TEP) cations as OSDAs. The nanosized nature of 
the SSZ-39 has been confirmed by scanning electron microscopy, observing a 
homogeneous crystal size distribution of ~40-50 nm. On the other hand, 27Al MAS NMR 
spectroscopy shows that most of the Al species remain in tetrahedral coordination 
after calcination treatments, resulting in a material with high Brönsted acidity, as 
revealed by NH3-TPD. The catalytic activity of this nanosized material has been 
evaluated for the MTO reaction at WHSV = 0.8 h-1 and 350ºC, and its catalytic behavior 
compared with conventional SSZ-13 and SSZ-39 catalysts. The catalyst lifetime of the 
nanosized SSZ-39 material is remarkably higher than the catalyst lifetime observed for 
conventional SSZ-13 and SSZ-39 materials.  
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Figure 7: Conversion of methanol at 350oC and WHSV=0.8h-1 of the SSZ-13 and SSZ-39 
materials (reaction conditions: T=350oC, 30 ml/min of N2 bubbled at -17
oC, 












































Figure 8: Yields to C2, C3, C4 and C5+ hydrocarbons at different methanol 

































































Figure 9: Selectivities to C2, C3, C4 and C5+ hydrocarbons at different methanol 








































































Figure 10: The C2/C3 ratio of the SSZ-13 and SSZ-39 materials in the conversion of 


































Figure 11: The hydrogen transfer index of the different catalysts against reaction 
























































































Table 1: Textural properties of the SSZ-13 and SSZ-39 materials. 











SSZ-13 15.3 TMAda 1x0.2 520 517 3 0.25 
N-SSZ-39 8.3 DMP 0.2-0.3 516 501 15 0.25 
P-SSZ-39 8.5 TPA 0.05 526 484 42 0.23 
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